The absorption and emission spectra for the minimally-coupled brane and bulk scalar fields are numerically computed when the spacetime is a 5d rotating black hole carrying the two different angular momentum parameters a and b. The effect of the superradiant scattering in the spectra is carefully examined. It is shown that the low-energy limit of the total absorption cross section always equal to the area of the non-spherically symmetric horizon, i.e. 4π(r 2 H + a 2 ) for the brane scalar and 2π 2 (r 2 H + a 2 )(r 2 H + b 2 )/r H for the bulk scalar where r H is an horizon radius. The energy amplification for the bulk scalar is roughly order of 10 −9 % while that for the brane scalar is order of unity. This indicates that the effect of the superradiance is negligible for the case of the bulk scalar. Thus the standard claim that black holes radiate mainly on the brane is not changed although the effect of the superradiance is taken into account. The physical implication of this fact is discussed in the context of TeV-scale gravity. *
The recent brane-world scenarios which assume the large [1, 2] or warped [3, 4] extra dimensions generally allow the emergence of the TeV-scale gravity, which opens the possibility to make the tiny black holes factory in the future high-energy colliders [5] [6] [7] [8] [9] . In this reason the absorption and emission problems for the higher-dimensional non-rotating black holes were extensively explored recently [10] [11] [12] . It was found [10] numerically that the emission on the brane is dominant compared to the emission off the brane in the Schwarzschild black hole background. This fact strongly supports the main conclusion of Ref. [13] . Adopting a different numerical technique used in Ref. [14, 15] , it was also found [12] that the higherdimensional charged black holes also radiate mainly on the brane if the number of the extra dimensions is not too large.
For the higher-dimensional rotating black holes, however, the situation can be more complicated. For the non-rotating black holes the crucial factor which makes the Hawking evaporation on the brane to be dominant is a geometrical factor r H /L << 1, where r H is an horizon radius and L is a size of the extra dimensions. In the rotating black holes, besides this geometrical factor, there is another important factor called superradiance, which means that the incident wave is amplified by the extraction of the rotation energy of the black holes under the particular condition. The effect of the superradiance in the 4d black holes was extensively studied long ago [16] [17] [18] [19] . The black hole bomb, i.e. rotating black hole plus mirror system, was recently re-examined in detail [20] from the aspect of the black hole stability.
The importance of the superradiance modes in the tiny rotating black holes produced by the high energy scattering in the future collider was discussed in Ref. [21] [22] [23] . Especially, in Ref. [23] it was shown that superradiance for the bulk scalar in the background of the 5d Myers-Perry rotating black hole [24] exists when the wave energy ω satisfies 0 < ω < mΩ a + kΩ b , where Ω a and Ω b are angular frequencies of the black hole and, m and k are the azimuthal quantum numbers of the incident scalar wave. The generic conditions for the existence of the superradiance modes in the presence of single or multiple angular momentum parameters were derived recently [25, 26] when the incident bulk scalar, bulk electromagnetic and bulk gravitational waves are scattered by the higher-dimensional rotating black hole.
Recently, the emission spectra for the brane fields were explored analytically [27] in the low-energy regime and numerically [28, 29] in the entire range of the energy. The crucial difference of the brane fields from the bulk fields is the fact that the condition for the existence of the superradiance for the brane fields is 0 < ω < mΩ while same condition for the bulk field is 0 < ω < i m i Ω i as shown in Ref. [26] . Thus, in the background of the higher-dimensional black holes carrying the multiple angular momentum parameters the bulk field can be scattered superradiantly in the more wide range of ω compared to the brane fields. This may change the standard claim that black holes radiate mainly on the brane [13] . The purpose of this paper is to explore this issue by choosing the 5d Myers-Perry rotating black hole with two angular momentum parameters a and b as a prototype.
In the following we will compute the absorption and emission spectra in the full range of ω for the brane scalar and bulk scalar. As a computational technique we will adopt an appropriate numerical technique which will be explained in detail later. Although the superradiant scattering takes place more readily for the bulk scalar, its energy amplification arising due to the superradiance is shown to be roughly 10 −9 % while that for the brane scalar is order of unity. This fact indicates that the effect of the superradiance does not change the standard claim, i.e. black holes radiate mainly on the brane.
The 5d rotating black hole derived by Myers and Perry is expressed by a metric 
where r H is an horizon radius defined by △ = 0 at r = r H .
The induced 4d metric on the brane can be written as
if the self-gravity on the brane is negligible, where we assume 0 ≤ θ ≤ π to cover the whole 4d spacetime. The scalar wave equation 2Φ BR = 0 in the background (4) is not separable.
If, however, b = 0, this wave equation is separable into the following radial and angular equations: 
Then the angular equation reduces to the following eigenvalue equation
where
Thus, the coefficients C ℓℓ ′ and the separation constant E 
cos 2 θ sin θ cos θΘ BL = 0 where
The angular equation can be solved numerically in a similar way to the case of the brane field. When a = b = 0, the eigenfunction of the angular equation is expressed in terms of the Jacobi's polynomial as following [23] 
is a jacobi's polynomial.
When a and b are nonzero, we expand
Then, by the same way as the brane case the angular equation reduces to the eigenvalue problem:
Solving the eigenvalue equation (11) . Now, we would like to discuss how to solve the radial equations in (5) and (8). If we define x = ωr and x H = ωr H , the radial equations reduce to
The radial equations (13) imply that if R is a solution, R * is a solution too. The
Wronskians between them become
where C 1 and C 2 are integration constants.
From the radial equations (13) one can derive the near-horizon and asymptotic solutions analytically as a series form [14, 15] . The explicit expressions for the solutions of the radial equations convergent near horizon are
. (17) In Eq.(17) Ω a and Ω b are the angular frequency of the rotating black hole corresponding to the angular momentum parameters a and b:
The recursion relations for the coefficients d m ℓ,n and d
can be easily derived by inserting Eq.(16) into the radial equation (13) . Since the explicit expressions are too lengthy, we will not present them. It is important to note that when ω < mΩ a , the imaginary part of ρ 4 becomes positive. This implies that the near-horizon solution for the brane wave equation becomes the outgoing wave. This guarantees that the superradiant scattering occurs at 0 < ω < mΩ a for the brane field. As expected, the second equation in Eq. (17) implies that the superradiance exists for the bulk scalar at 0 < ω < m 1 Ω a + m 2 Ω b . Using Eq. (15) one can show that the Wronskians between the near-horizon solutions are
Next let us consider the solutions of the radial equations (13) convergent at the asymptotic regime:
F (+) and F (−) represent the ingoing and outgoing waves respectively. The recursion relations between the coefficients are not explicitly given here. With an aid of Eq. (15) it is easy to show that the Wronskians between the asymptotic solutions are
Next, we would like to show how the coefficients g 
where S If we define the phase shifts δ
can be written as
Assuming that the phase shifts are the complex quantities, i.e. δ 
, the Wronskians derived from the asymptotic behavior (23) are
Equating Eq. (24) with Eq.(19) yields
In 
Since F (+) and F (−) derived in Eq. (20) are linearly independent solutions of the radial equations, we can gererally express these new wave solutions as a linear combination of
where the coefficients f ± are called the jost functions. Using Eq.(21) one can compute the jost functions in the following:
Inserting the explicit expressions of F (±) into Eq. (27) and comparing those with the asymptotic behavior of the real scattering solutions in Eq. (22), one can derive the following relations:
Combining Eq. (25) and Eq. (29), we can compute the greybody factors in terms of the jost functions:
Thus if 0 < ω < mΩ a , T 
Of course, the total absorption cross sections σ BR and σ BL are algebric sum of their partial absorption cross sections:
The total emission rate Γ BR for the brane scalar and Γ BL for the bulk scalar are given by
and T H is an Hawking temperature given in Eq.(3). Therefore, we can compute all physical quantities related to the scattering between the rotating black hole and the scalar field if we can compute the jost functions. Now, we would like to present briefly how to compute the jost functions numerically. It is important to note that besides the near-horizon or asymptotic solution, we can derive the solutions from the radial equations (13) 
The recursion relations between the coefficients can be explicitly derived by inserting Eq.(35) into the radial equation (13) Fig. 1(a) , (b), and (c) correspond to respectively a * = 1.5, a * = 2.0, and a * = 2.5 where a * ≡ a/r H . As commented in Ref. [28] the superradiant scattering for the higher modes becomes more and more significant as a * becomes larger. This fact is evidently verified in Fig. 1 . Table I shows the first three modes at each a * whose maximum energy amplification is large. This Table shows that the lowest ℓ = m = 1 mode has a maximum energy amplification at a * = 1.5. But at a * = 2.0 (or 2.5) ℓ = m = 2 (or ℓ = m = 3) mode has a maximum amplification. It also shows that the average amplification tends to increase with increasing a * . Table II the maximum amplification values for several modes are given. Table I and Table II show that the energy amplification for the brane scalar is order of unity while that for the bulk scalar is order of 10 −9 %. This means that the effect of the superradiance for the bulk scalar is negligible. This indicates that consideration of the effect of the superradiance does not change the standard claim [13] that black holes radiate mainly on the brane. This will be confirmed in Fig. 5 explicitly. In the low-energy limits the total absorption cross sections exactly equal to the nonspherically symmetric horizon area A BR defined
As proved in Ref.
[31] the low-energy limit of the total absorption cross section for the minimally coupled scalar always equals to the horizon area in the asymptotically flat and spherically symmetric black hole, which is called 'universality'. Although the general proof is not given yet, our numerical investigation supports the evidence that this universality seems to be extended to the non-spherically symmetric background.
In the high-energy limits the total absorption cross sections approach to the nonzero values which are roughly same with the low-energy limits. In the intermediate region the total absorption cross sections do not exhibit an oscillatory pattern, which seems to be the effect of the extra dimensions [10, 12] . Fig. 4 shows the total absorption cross sections for the bulk scalar when b * = 0, 0.5, and 1 with a * = 0.5. The low-energy limits equal to the area of the non-spherically symmetric horizon hypersurface A BL defined
This result also supports that the universality in Ref. [31] holds in the non-spherically symmetric background. In the high-energy limits the total absorption cross sections seem to approach to the nonzero values, which is much smaller than the low-energy limits. This fact indicates that unlike the non-rotating black hole case [10, 12] , the contribution of the higher partial waves except S-wave to the total absorption cross section is too much negligible. Integrating the plots in Fig. 5 , we can compute the total emission rate. For the brane scalar the total emission rate is 0.00353832 and for the bulk scalar 0.000343955, 0.000123524 and 7.44114 × 10 −6 for the cases of b = 0, b = 0.5 and b = 1 respectively. Thus the emission rate for the bulk scalar is much smaller than that for the brane scalar. Thus the effect of the superradiance in 5d rotating black hole background does not seem to change the main conclusion of Ref. [13] , i.e. black holes radiate mainly on the brane.
We computed the absorption and emission spectra for the brane and bulk scalar fields when the spacetime is an 5d rotating black hole carrying the two different angular momentum parameters. Although the effect of the superradiant scattering is taken into account, the main conclusion of Ref. [13] does not seem to be changed. This is due to the fact that the energy amplification for the bulk scalar is order of 10 −9 % while that for the brane scalar is order of unity. It seems to be straightforward to extend our calculation to the 6d rotating black hole background. It is of interest to check explicitly whether or not the effect of the superradiance is negligible in 6d case.
It is well-known that the Hawking radiation is highly dependent on the spin of the field. Thus, it seems to be greatly important to take the effect of spin into account in the higher-dimensional rotating black hole background. This is in progress and will be reported elsewhere. Log-plot of the energy amplification for the brane scalar when a * is 1.5 ( Fig. 1(a) ), 2.0 ( Fig. 1(b) ), and 2.5 ( Fig. 1(c) ). When a * = 2.0 (or 2.5), the ℓ = m = 2 (or ℓ = m = 3) mode has a maximum peak. This means that the superradiant scattering of the higher modes becomes more and more significant when a * becomes larger. This seems to be the important effect of the extra dimensions. (Fig. 2(a) ), 0.5 ( Fig. 2(b) and 1 ( Fig. 2(c) ) with fixed a * as 0.5. Usually the mode which satisfies m 1 + m 2 = ℓ has a maximum amplification at fixed ℓ. Comparision with Fig. 1 leads a conclusion that the effect of the superradiance for the bulk scalar is negligible. Fig. 3(C) FIG. 3. The total and partial absorption cross sections for the brane scalar when a * = 0.5 ( Fig.   3(a), 1.0 (Fig. 3(b) ) and 1.5 ( Fig. 3(c) ). Our numberical calculation shows that the low-energy limits of the total absorption cross sections always equal to the non-spherically symmetric horizon area 4π(r 2 H + a 2 ). This fact gives rise to the conjecture that the universality for the scalar field discussed in Ref. [31] is extended to the non-spherically symmetric spacetime. In the high-energy limits they approach to the nonzero values which are roughly same with their low-energy limits. 
